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Calculated energy consumed in 284 cow yr by individually fed Angus, Charolais and reciprocal cross cows was partitioned into m~inte-nance, weight change and milk production requirements. Total digestible nutrient (TDN) consumed in 94 heifer yr was partitioned into maintenance and weight change requirements. The cow year was subdivided into midgestation, late gestation and lactation periods that were 69 + 1, 90 + 0 and 203 -+ 1 d long, respectively. Variables affecting TDN intake (P<.25) in all periods studied were mean body weight (MWT), weight change and age of dam. Previous parity influenced TDN consumption during midgestation and milk production influenced TDN consumption during lactation. Mean body weight was evaluated by three methods as one of the variables influencing TDN consumption; MWT 1"~176 MWT to a fractional exponent (MWTx) calculated from the data and MWT with the regression line forced through the origin (zero intercept) were substituted in the multiple regression model. Equations were used to predict daily TDN for cows over a range of weights. Results indicate that method of analysis influenced predicted daily TDN requirements. Use of MWT 1"~176 and MWTx resulted in similar predictions, while the zero intercept technique underestimated energy requirements for small cows and overestimated energy requirements for large cows. Inclusion of an intercept allowed the best fitting regression line to intersect the Y axis at the point determined by the data. Quadratic effects of weight were nonsignificant in all periods. Total "energy requirements of cows and heifers in this study exceeded previously published recommendations because of environmental influences.
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I ntroduction
Economic pressure on beef producers necessitates critical evaluation of all production costs. The goal of cattlemen is to produce beef for the table by the most profitable method (O'Mary and Dyer, 1972) , and feed constitutes the largest variable expense in the beef cattle enterprise (Turner, I974) . Energy provided by feed can theoretically be divided into parts for maintenance of body weight, growth of body tissue and production of animal products (Hohenboken et al., 1972) . Optimum performance of a cow is related to the proportion of energy used for each purpose. Differences in overall efficiency of feed used may be due to differences in maintenance requirements or nutrient utilization. Knowledge of amounts of feed required for each use is needed for the prediction of economic consequences of feeding and management systems (Hohenboken et al., 1972) .
Although cow size has little effect on efficiency (Marshall et al., 1976) , recent interest in larger cows suggests a need for an accurate method of predicting energy requirements for large and small cows during the different stages of production.
The objective of this study was to determine the calculated energy requirement of Angus, Charolais and reciprocal cross cows for maintenance, weight change and milk production. Equations were developed to predict TDN requirements for beef cows and replacement heifers over a range of weight and during different stages of production.
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Experimental Procedure
Population. The population studied was described by Marshall et al. (1976) . Experimental females were born in 1970, 1971 and 1972 . Their dams were randomly selected Angus cows and cows with 75% or more Charolais breeding from 58 cooperating producers across South Dakota. One Angus and one Charolais sire were artificially mated to randomly selected dams to produce similar numbers of progeny of Angus, Angus x Charolais, Charolais x Angus and Charolais breed groups. At weaning, experimental females were randomly allotted within half-sib, age, parity and breed group contemporaries to a pasture or a drylot management system. Females on pasture were managed under traditional summer grazing and winter drylot feeding conditions. Cows in drylot were randomly allotted by breed group to individual inside pens for feeding. They were penned twice each day for an hour during which time their calves had opportunity to nurse. Cows in drylot were maintained as a group in an outside pen at all other times. Calves remained in the individual pens overnight with access to a creep feeder between the evening nursing and morning cow feeding and nursing periods.
Herd management was consistent from year-to-year. All cows were bred artificially to calve first as 2-yr-olds. One breed of sire represented by one sire was used each year. Sire breeds used were Polled Hereford (used during the 1971, 1972, 1973 and 1977 breeding seasons) , Salers (1974 ), Limousin (1975 and Simmental (1976) . Breeding seasons averaged 59 + 4 d duration. Reasons for cow removal from the project were infertility as heifers, failure to wean a calf for 2 consecutive yr, severe or repeated uterine prolapse, death, unsoundness, temperament, double muscling or failure to produce any milk.
The amount of feed offered to cows in drylot was based on changes in individual cow weight in comparison to weight changes of half-sib, age, parity and breed group contemporaries in the pasture. Cows were weighed and feed adjustments were made every 28 d. Cows were daily offered varying amounts of chopped alfalfa hay (IFN 1-00-063), alfalfa pellets (IFN 1-00-111) and cracked corn . Ground ear corn (IFN 4-02-849) was substituted for alfalfa pellets in 1974. Grain was offered only during lactation as needed to maintain cow performance comparable to pasture contemporaries.
Trait Measurement. Traits were measured on the cows in drylot for the cow year from weaning-to-weaning and for three stages of production in between. The three stages were: midgestation, from weaning to 90 d before calving; late gestation, 90 d before calving; and lactation, the period from calving to weaning. Energy intake, calculated from tabular total digestible nutrients (TDN) values (NRC, 1976) , was the summed daily values for each period. Mean body weight (MWT) of a cow for the period was used as the maintenance weight. This weight was calculated under the assumption of a linear weight change between each 28-d weight taken. Interpolation was used when the end and start of a period occurred on a day other than weigh day. Weight change (WTC) was the difference between period start weight and period end weights. Cows were weighed within 24 h following parturition. Prepartum cow weights were calculated by dividing birth weight (BWT) by .59 and adding the quotient to postpartum cow weight (Turner, 1974) . Prepartum cow weight was the late-gestation end weight and postpartum cow weight was the lactation starting weight. Milk production (MILK) was measured on 4 d spaced throughout the lactation cycle at approximately the same time each year; the calf weight change method was used (Neville, 1962; Totusek et al., 1973) . Calves were weighed, allowed to nurse and reweighed at 0700 and 1600 h on the same day. Milk production as used in the data analysis was the sum in kilograms of the four daily totals taken.
Because no actual annual milk production was available for use as a dependent variable in a prediction equation, no attempt was made to estimate annual milk production. At best, this could only have been a coding procedure subject to error in weighting the four daily measures. Thus, use of the prediction equations developed will require a 4-d total corresponding to that used in the development of the equation. Experience with this measure indicated that multiplication of total annual milk production by .022 yields a reasonable estimate of the 4-d total used in this study.
Previous parity (PP) was coded 0 for nonpregnant and 1 for cows weaning a calf the previous year. Future parity (FP) was coded 0 for nonpregnant and 1 for cows calving the following year.
Data Analysis. The heifer year, cow year and three periods within the cow year were analyzed separately by least-squares procedures, with TDN as the dependent variable. Independent variables considered in midgestation were MWT, WTC, age of dam in years linear (AOD) and quadratic (AOD 2), breed of dam (BOD), year (YR), PP, number of days in the period (DAYS) and all two-factor interactions. Breed of dam AOD, AOD 2, PP and YR were considered discrete variables. Independent variables in the last trimester were MWT, WTC, AOD, AOD 2, BOD, YR, PP, sex of calf (SEX), BWT and all two-factor interactions. Independent variables considered in lactation were MWT, WTC, AOD, AOD 2, BOD, YR, FP, SEX, DAYS, MILK and all two-factor interactions. Cow year independent variables included all variables previously considered except DAYS and interactions with DAYS. Variables considered in the heifer year were MWT, WTC, BOD, YR and DAYS. Threefactor and higher order interactions were assumed to be unimportant. A step-down analysis of variance procedure was used to eliminate nonsignificant variables (P>.25).
In the cow year and three periods within, least-squares analyses were used to evaluate MWT by three different methods as one of the independent variables affecting TDN consumption. Mean body weight as calculated (MWTL~176 MWT to a fractional exponent (MWT x) and MWT with the regression line forced through the origin (zero intercept) were substituted in the regression model. The exponent was calculated at the residual level by regression of the natural logarithm (In) of MWT on In TDN (Hohenboken et al., 1972) . Daffy TDN prediction equations were developed for the three methods of analysis in the cow year and three periods within. Heifer data were analyzed using the MWT L~176 method with prediction equations developed for daffy TDN requirements. Graphs of these prediction equations for all periods were developed using MWT over its range and mean values for the other independent variables.
Results
Means and standard errors of the 284 cow yr and 94 heifer yr observations for each trait are given in table 1. The distribution of records by year of birth and breed of dam are in table 2. Mean cow weights by age and management system are given in figure 1.
Midgestation was 69 + 1 d long, extending from late October to mid-January. Mean body weight averaged 447 + 3.1 kg over all ages and breeds of dam. Weight change averaged -2.9 + 1.2 kg. Cows consumed 324.5 + 5.4 kg TDN, for an average daffy intake of 4.70 kg/cow.
Variables influencing TDN consumption were MWT, WTC, AOD', DAYS, YR (P<.01), PP (P<.03) and AOD (P<.06). Quadratic effects usually are estimated on a continuous basis. However, producers might have difficulty incorporating AOD 2 into a prediction equation and the discrete AOD effects estimated appeared to fit as well as or better than the quadratic. For these reasons the discrete AOD effects are presented for all periods. Discrete variables in the final reduced model were YR, DAYS, AOD bTDN = total digestible nutrients, MWT = mean cow weight, WTC = weight change of cows, DAYS = number of days in period, MILK = milk production estimate, BWT = birth weight of calf, AOD = age of dam and PP = previous parity. The lactation period was 203 + 1 d long, extending from mid-April to late October. Cow weight averaged 453 + 2.6 kg and TDN consumption for the period was 1,505 + 9.8 kg, for an average daffy consumption of 7.41 kg/cow. Figure 2. Predicted energy requirements for replacement heifers.
methods are given in table 3 for the three periods and cow year. The zero intercept equations are not presented because the presence of significant intercepts rendered this method invalid. The zero intercept regression line is plotted in figures 3, 4, 5 and 6 to allow comparison of the different methods, but they should not be used for predicting TDN requirements. The MWT 1"~176 and MWT x methods do not differ in R 2 or standard error of estimate values (table 3) and the plotted lines do not differ from a practical standpoint (figures 3, 4, 5 and 6). The zero intercept method does differ from these two methods in that it underestimates the requirement for small cows and overestimates the requirement for large cows in all periods. This might be expected in cases where the intercept is real because the ~ero intercept procedure forces the regression line through the origin.
Adjustment of predicted TDN for differences in age of dam and previous parity (table 4) may be useful in some circumstances. A producer might have a specific age group, for example, first-calf heifers, sorted off for separate feeding from the cow herd. Researchers utilizing the results in a systems approach might find the adjustments useful. From a practical standpoint, the deviations are not large and, when one considers the need to adjust the predicted values for a given year's environmental conditions, it is possible that the age of dam and previous parity adjustments might be included with the climatic adjustments. Adjustments would require use of opposite sign to that given the deviations in table 4.
Predicted daily total TDN requirements for lighter weight cows differed markedly from those suggested by Neville and McCullough (1969) , Neville (1974) , Turner (1974) and NRC (1976) . Some of the differences are no doubt due to environmental effects. Lighter weight 
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Neville (1974) . cows have more surface area per unit body weight resulting in higher maintenance requirements in colder climates (Kleiber, 1961) . The NRC (1976) recommendations are specified for an average climate with the understanding that adjustments will be needed for environmental variation. In Missouri, Turner (1974) found that small cows (407 kg) had higher energy requirements than those reported by Neville and McCullough (1969) and Neville (1974) for small cows in Georgia and NRC (1976) The values of the MWT exponents calculated in all periods were considerably lower than exponents reported by Brody and Proctor (1935) , Winchester and Hendricks (1953) and Kleiber (1961) . In 1966, the NRC adopted .75 as the exponent used with body weight for the calculation of metabolic weight (NRC, 1966) . Maynard and Loosli (1975) referred to .75 as a practical value for the exponent. The calculated exponents in this study are within the range of values developed by other researchers cited by Thonney et al. (1976) .
Discussion and Conclusions
Results of this study indicate that energy requirements may be above NRC (1976) recommendations for beef cows and growing heifers in South Dakota. Recognizing that recommendations cannot be published to fit all environments, cattlemen need to adjust diets for specific conditions. Estimated TDN requirements were influenced by method of analysis. Considerable variation in estimates resulted from the three techniques evaluated. The use of MWT 1"~176 and of MWTx produced similar results, and, hence, the value of the exponent appears to have little impact on the standard error of estimate and predicted TDN requirements, provided that an appropriate intercept is used. If this conclusion is difficult to accept in view of the common usage of MWT "75, consider that MWT "75 is between MWT 1"~176 and MWT x, where x is any one of the period exponents calculated and plotted. In addition, quadratic effects of MWT were nonsignificant in all periods. Results of this study support the conclusions of Hohenboken et al. (1972) and Thonney et al. (1976) that there is no advantage to a weight exponent other than 1.0 when weight is used as a covariate. It appears that the fractional exponent should be used to compare species of substantially different weight.
Forcing of the regression line through the origin resulted in underestimation of daily TDN requirements for small cows and overestimation of TDN requirements for large cows in all periods. The inclusion of an intercept allows the best fitting regression line to intersect the Y axis at any point, including zero, as determined by the data.
Some researchers apparently assume that the zero intercept procedure partitions all of the variation in energy intake to its proper source whereas it actually improperly credits weight with control of variation due to other factors that may or may not be in the model. The R 2 values due to maintenance weight, weight change and lactation provide evidence for this conclusion. The R 2 values for maintenance weight and weight change were .15 and .05 for midgestation and last trimester, respectively. These compare to the .91 and .77 R 2 values for these periods in table 3. The R 2 values for MWT, WTC and MILK were .21 and .12 for lactation and the cow year, respectively. These compare to R 2 values of .73 and .74 in table 3. The difference between these R 2 values for any one period represents the variation controlled by other variables in the model. Variation controlled by other factors not in the model may affect differences in the intercept.
Special care should be taken in interpreting results of energy partitions obtained from experiments in which cows have been fed according to NRC (1976) recommendations. The biases in NRC (1976) recommendations demonstrated in this study indicate that small cows would receive less than optimum energy and large cows more than optimum energy. The biological response of the two extreme groups under these conditions could influence the values of the regression coefficients associated with maintenance, weight change and milk production.
